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Abstract 
Basal stem rot disease (BSR) has been certainly found in the black pepper plantation in Indonesia. In 
Lampung, Indonesia,  the disease is a major constraint for increasing pepper productivity. This study 
aims to suppress BSR disease by utilizing coffee waste compost enriched by beneficial bacteria. The 
beneficialbacteria isolated from the rhizosphere and pepper plant tissues. The bacteria selection based on 
their ability to dissolve P, K, to fix N, and antagonistic to Phytophthoracapsici in vitro. Selection of 
isolates that the number of bacteria isolates that can be isolated were 187isolates, and 87 isolates of them 
can be used as an antagonist and dissolved nutrients. Then,only 15 of selected bacterial 
isolatesweregrouped in 3 formulas based on the great ability as antagonist and nutrient dissolving. 
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 Each formula consist of 5 isolatesas bioactivatorsenriched in coffee waste compost that to be used in the 
field test. In the field tests, the utilization of coffee waste compost enriched with beneficial 
bacteriaformula 2 could suppress BSR disease severity until 97.85%. Plant resistance indicated by 
increasing of dehydrogenase and peroxidase concentration in plantswere treated by all compost and 
formulas. The use of coffee waste compost enriched by bioactivator also could improve plant growth in 
all treatments compared to control. 
Keywords: bioactivator; compost; P. Capsici; dehydrogenase; peroxidase 
1. Introduction 
The main limiting factor of black pepper productivity in Indonesia are pests and plant diseases. More 
than 40,000 ha of black pepper plantation in Lampung, Bangka and West Kalimantan Indonesia infected 
by Phytophthora capsici. This pathogen caused Base Stem Rot (BSR) disease of pepper plant. Stem rot 
disease causes damage and death of black pepper plants over 40% every year [1]. 
Recently, there are no effective methods for controlling BSR disease. The reason is the nature of the 
pathogens that can survive in the soil as saprobes for long time and its attack cause death plant quickly 
[2]. The use of resistant varieties of pepper plants or fungicides still have many weaknesses. Black 
pepper plants as perennial crops and virulence variation of P. capsici population were attacked pepper, 
causing high production and black pepper varieties resistant to BSR assambley require a much time [3]. 
While the use of fungicides will add environmental pollution nd risk. It is necessary to find techniques 
for effective disease control, compatible, and sustainable in using. 
Furthermore, biological research on stem rot disease in black pepper is focused on the identification of 
the plant rhizosphere microorganisms to suppress the disease, but the utilization of those microorganisms 
still lack information and application in field. While, Indonesia has a very high microbial diversity, and a 
lot of them have potential as biological control [4]. 
Microbes which were as biological agents from bacteria (Bacillus spp., Pseudomonas spp.), 
Actinomycetes (Streptomyces spp.) and fungi (Trichoderma spp., Aspergillus spp., Penicillium spp.) 
were the largest microbes present in the compost [5,6]. Some endophytic bacteria such as P. aeruginosa, 
P. putida, and B. megaterium has ability to suppress the development of P. capsici, which is cause BSR 
disease on black pepper in India in vitro [7]. Combined beneficial bacteria and compost may have great 
potential to use as formula for decreasing BSR disease on pepper plant. 
The research report states that the use of compost can increase the resistance of plants against pathogen 
attack. Compost is a good substrate for the growth of some biological agent microorganisms such as 
Trichoderma sp., non pathogenis Fusarium oxysporum (FoNP) and Bacillus sp. Application of compost 
to the soil can reduce plant pathogen attack [8]. In order to improve the effectiveness of compost needed 
material such as soil mineral or non-pathogenic microbes. 
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This study aims were to determine the role of coffee waste compost and bacterial antagonists from the 
plant tissue and rhizosfir of black pepper to suppress BSR disease. 
2. Materials and Methods 
2.1 Isolation and Selection of Bacteria for bio-activator on Coffee Waste Compost 
Isolation of Bacteria: Isolation of bacteria using a dilution method [9]. Bacteria isolated from the 
rhizosphere and from roots and leaves tissue of black pepper. Isolation of bacteria from the rhizosphere is 
done by taking 100 g of soil and added 900 ml of sterile distilled water, shaken using a shaker for 5 
minutes. The suspension formed was taken 1 ml and add 9 ml of distilled water in test tube. This work 
was repeated in order to obtain dilutions ranging 10-1 to 10-7. At 10-3 up to 10-7 dilution of 100 mL was 
taken and spread on TSA media. Each colony that grew calculated and purified. Isolation of bacteria 
from leaf tissue is done by grinding 1 g of pepper leaf surface sterilized using 2% NaOCl and washed in 
sterile distilled water. Sterilization is done by soaking the tissue in a NaOCl solution for 2 minutes and 
then washed in sterile distilled water while shaken for 2 minutes. Washing was repeated 3 times. The 
suspension was diluted, start from 10-1 to 10-5. Each dilution was taken 100 mL to spread on TSA media. 
In the same way also to isolate bacteria from the roots. All isolates were derived from tissue be reisolated  
for purifying, and further characterization is based on the ability to adsorb N, dissolved P and K, as well 
as antagonism against P. capsici. In addition it also tests grams using 3% KOH, hypersensitivity test on 
tobacco leaves. 
Bacteria Selection: Selection to all isolates, both from the rhizosphere or plant tissue based on its 
effectiveness in dissolving the P and K, adsorb N and antagonistic against P. capsici. Effectiveness of 
dissolve P based on wide clear zone around the colony on Pikovskaya medium. Similarly to P, the ability 
of bacteria dissolved K element on a selective medium [10], is based on the width of the clear zone 
around the colony. The ability to adsorb N is based on the formation of ring-shaped white pellicle in 
semisolid media Nfb. In vitro antagonist test was conducted using dual cultere method [11]. Between the 
candidate of antagonist and P. capsici were grown together in PDA medium in Petri dishes. Its 
capabilities as antagonists determined using the formula: (R - r) / R × 100%, where R is the radius of the 
growing P. capsici colonies away from antagonist, whereas r is the radius of the advancing toward the 
antagonist. Selected isolates are used to create a formula that will be used as coffee waste compost bio-
activator. There are three bacterial formula, and each formula consists of 5 isolates. 
Composting coffee waste: Compost was used in this study is coffee waste. For composting used lignin-
degrading bacteria (private collection). Into the ready compost bio-activator bacteria added according to 
the formula, and then be incubated for 7 days. 
2.2 Effect of Coffee Waste Compost Enriched Bio-activator Bacteria Against P. capsici on Infected 
Plants 
310 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2014) Volume 17, No  2, pp 308-320 
 
Field testing of compost conducted in farmer’s orchard, and used a randomized block design. Treatments 
were use coffe waste compost enriched bio-activator bacteria with 3 replicates, and each replication 
consisting of 10 plants. The treatment was: a. without a compost as a control, b. enriched compost by 
bio-activator formula 1, c. enriched compost by bio-activator formula 2, d. enriched compost by bio-
activator formula 3. Control treatment only use cow manure. Black pepper plants (± 4 years) which 
showed BSR treated according to the established in the provision of treatment. In plants that have to be 
treated with coffee waste compost, each plant was given 1 kg. Sowing compost around the stem. 
Treatment without compost, the plant was only given 1 kg of cow manure. Consentration of peroxidase 
and dehydrogenase in plant tissue determined at the end of the reasearch at Indonesian Soil Research 
Institute, Cimanggu Bogor. Peroxidase measurement used Cohen method [12], while dehidrogenase used 
modification of  Casida method [13]. 
2.3 Observation  
Observation of the growth parameters performed 6 months after treatment include canopy diameter and 
plant height, while also the severity of disease. To determine disease severity using the formula:  
 
KP = disease severity; ni = number of infected plant of certaint catagory; vi = value of numerical 
catagory; Z = higest numerical value of category; N = Number of plant observed [14].  
The development of disease severity BPB of each treatment is determined from 1st month until 6th month 
after treatment. The development of each disease treatment based on AUDPC values. The calculation of 
AUDPC following formula [15]: 
 
Ak = value of  AUDPC on k treatment, yi = disease severity on ith month, yi+1 = disease severity on( 
i+1)th month, ti = time when the observation was done on ith month, ti+1 = time when the observation was 
done (i+1)th month. Effectiveness of disease severity suppression is determined by using the formula: 
(AUDPCcontrol – AUDPCtreatment)/AUDPCcontrol X  100% 
2.4 Data Processing 
The results data of bacterial exploration both from the rhizosphere plant tissue just be the number of 
isolates. All isolates were grouped based on the characterization of dissolving P, K, ability and N 
fixation, and as an antagonist to P. capsici. Disease severity and plant growth (plant high, canopy 
diameter) were analyzed using a randomized block analysis.  
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3. Results 
3.1 Bacteria from Black Pepper Plant 
The result of Bacteria exploration, both from the rhizosphere and plant tissue among healthy pepper 
plants infected pepper BPB obtained 178 bacterial isolates. The bacterial isolates them have the ability to 
dissolve existing P, K and N-free absorbing. The percentage of isolates of each of the properties listed in 
Table 1. Most of Bacterial isolates from the rhizosphere, and they have ability to dissolve K. In the 
rhizosphere has an organic matter in different types and amounts. Sources of organic matter can be 
obtained from the root leakage and fertilizers are added. The density of the bacterial population is 
influenced by the type of plant, plant age, tissue type (roots, stems, and leaves), habitat, and 
environmental factors.  
Table 1.  Group of bacteria isolates from plant tissue and rhizosphere of black pepper. 
Characteristic Leaf (%) Root (%) Rhizosphere (%) Total (%) 
Dissolved P 11.63 3.49 24.42 36.05 
Dissolved K 27.91 8.14  4.65 40.70 
Absorb N  6.97 3.49  9.30 16.28 
All isolates were tested as an antagonists against P. capsici, and it turns out only 87 isolates have the 
ability as an antagonist. These isolates have the different ability to inhibit P. capsici in vitro. Grouping of 
bacteria isolates ability to inhibit pathogens shown in Figure 1. The results of in vitro testing, the isolates 
that have a strong ability as an anatagonis no more than 10%. Most isolates that do not have the ability to 
inhibit P. capsici dominated among bacteria that can be isolated. 
 
Fig. 1.    Bacteria isolates as antagonist to P. capsicii. -  : no clear zone; + clear zone arround bacteri least 
than 1 mm, ++ clear zone about 1-2 mm, zona; +++ clear zone between  2-4 mm;   ++++ clear zone more 
than  4 mm. 
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The results of antagonism ability to inhibited P. capsici are known varying diameters. A total of 15 
isolates (18.23%) inhibition diameter zone more than 2 mm, 2 isolates (2.29%) 1-2 mm, and 60 isolates 
of less than 1mm. The number of 18 isolates were isolated from the rhizosphere have capability to 
dissolve phosphate bond Ca3(PO4)2, 13 isolates have the ability to dissolve relatively high in K. Isolation 
of endophytic bacteria that live inside plant tissues of black pepper were 32 isolates have ability to absorb 
N from the air. 
Among the bacterial isolates showed ability as an antagonist to P. capsici was also potentially can 
improve plant growth. Because it only needs 15 isolates of bacteria, beside as an antagonist there also 
have properties in help the plant growth, and to induce resistance in plant (Table 2). Bacterial isolates 
that have the potential to improve the properties of antibiosis and growth is used as a bio-activator in 
testing in the field, and this is manifested in the form of a bacteria formula. 
Table 2. Characteristic of bacteria formula of selected bacteria isolates used as bioactivator on coffee 
waste compost. 
Bacteria isolates Characteristic Inhibited (%) 
Formula 1: 
J4SK3  
 
Dissolved P and K 
 
48.1 abc 
J1SK3  Dissolved P and K 54.2 abc 
P1SH1 Flourescens, dissolved P 68.6 a 
L. coffea (2) Absorb N 52.5 abc 
N2SH2 Absorb N 43.2 abc 
Formula 2: 
D10 
 
Dissolved P and K 
 
33.8 bcd 
N2SK2 Dissolved P and K 42.1 abc 
P2SH2 Flourescen, dissolved P 36.7 bcd 
P1SH2 Absorb N 22.5 cd 
C2 Absorb N 41.4 abc 
Formula 3: 
E2 
 
Dissolved P and K 
 
28.8 bcd 
A1103 Dissolved P and K 22.5 cd 
A105 Flourescen, dissolved P 51.7 abc 
H Absorb N 55.0 ab 
H1 Absorb N 45.7 abc 
Number with same letter in the same colom no different to Tukey test pada α = 5%. 
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Testing in vitro treatment of all formulas showed antagonism activity, to be used as the controlling of P. 
capsici. The average diameter of the inhibition zone, the highest are formula 1 and formula 2. Inhibition 
of bacterial formula to P. capsici  is different, especialy on formula 3 (table 3). Analysis variance of 
inhibition zone diameter there are differences in the ability to inhibit the growth formula P. capsici. 
Table 3.  Inhibited zone of bacteria consorsium formula to P. capsici on PDA. 
Bacteria isolates formula Average of inhibited zone diameter  (mm) 
Formula 1  
Formula 2  
Formula 3  
23.16  a 
27.27  a 
  9.00     b 
average number followed by the same letter are not different at 5% level Tukey test 
Results of identification that has been done on several isolates both from the rhizosphere and plant tissue 
such as Pseudomonas sp., Bacillus subtilis and B. pumilis. Among these bacteria have the ability to 
produce antifungal compounds and dissolved nutrients. 
3.2 Applications of Bacteria and Coffee Waste Compost on the BSR Disease on Black Pepper 
Adding compost and microbial formula can suppress disease BSR 97.23%. The addition of compost to 
the soil significantly affect the severity of disease caused by P. capsicii on pepper plants. All three 
treatments compost can suppress disease development BPB significantly compared with the control 
(Table 4). The smallest suppressed occurs in formula 3, and it was consistent with the results of in vitro 
assays against P. capsici. Within bacterial isolates formula were given to coffee waste compost does not 
cause a difference 
 
Table 4. Suppresses of disease severity due to using coffee waste compost enriched bioactivator bacteria 
on BSR disease on black pepper. 
Treatment 
Disease 
severity (%) 
Dehidrogenase 
concent.(μg/ml) 
Peroxidase 
concent. (unit/ mg 
protein 
Dis.suppress 
(%) 
Control, no compost 49.987  a 143.648  0.021   
Compost + formula 1   6.942    b 249.879  0.131  85.36 
Compost + formula 2   6.477    b 281.516  0.212  97.65 
Compost + formula 3 12.960    b 323.103  0.185  94.12 
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Numbers followed by the same letter in the same column do not differ by Tukey test α = 0.05. Tests 
performed after the data were transformed by asinh. Value of disease severity at 6th month after 
treatment. 
Organic matter content of coffee waste compost and microbes in the soil that was given will influence the 
activity of soil microbes that play a role in the mineralization process, the decomposition of various 
organic materials and chemical compounds in soil, induced plant resistance. Among the bacterial isolates 
in formulas derived from plant tissue that has the ability to build up resistance in black pepper. In black 
pepper that was not given compost indicate the level of P. capsici attacks higher and growth rates lower. 
Coffee waste compost and bacteri in bioactivator very effective suppress BSR disease on black pepper  
(Table 5). 
Tabel 5. Coffee waste compost enrich with bacteria effect to the average width and height and plant 
canopy, AUDPC and BSR control effectiveness on black pepper. 
Treatment Canopy (cm) Plant height (cm) AUDPC Control effectiveness 
Compost + formula 1 88.77  a 139.55  ab  18.67 85,88 
Compost + formula 2 83.88  ab 147.89  a    3 97,85 
Compost + formula 3 75.22  ab 127.78  ab    7.50 99,61 
Control 71.44    b 119.44    b 127.5  
Numbers followed by the same letter in the same column do not differ by Tukey test α = 0.05 
4. Discussion 
The bacteria were isolated show no same ability in dissolving some nutrient  and as an antagonist. To 
take advantage to suppress P. capsici infection,  it is necessary to be selected and combined with each 
other. 
The results of these tests indicate that some of the original bacterial isolates and endophytic bacteria 
produce compounds that classified as antibiotic, beside able to provide the elements that are not available 
to become available in the soil. Pathogenic fungus would be destroyed enzymatically by β-1.3 
glucanases, β -1,4 glucanases and lipases produced by Pseudomonas fluorescens Flügge [16]. The 
antibiotic 2.4 diacetylphloroglucinol (DAPG) produced by P. fluorescens is able to inhibit the growth of 
bacterial leaf blight [17]. The 14 isolates from the rhizosphere of black pepper plants are able to suppress 
the development of BSR pathogen [8]. 
One of the effects of biological agents is to stimulate plant growth. Ability increase was due to growth of 
biological agents that can dissolve P and K was not available in the soil becoming available, produces 
growth hormone such as indole acetic acid, and produce siderophores [16]. Each formula antagonism test 
to see with the ability to inhibit the growth of pathogenic BSR (Table 3). 
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Formula of bioactivator consists of several isolates bacteria. Biologically each formula has a different, so 
the metabolic activity and secondary metabolism products (such as antibiotics) that produced will 
different and give different responses to pathogens. Antibiotic compounds produced by antagonistic 
bacteria may act directly as a bactericidal agent against bacterial pathogens and as inducers (elicitor) 
plant resistance to disease pathogens. Type of  antibiotic products that provide the best response when 
these antibiotics have the ability to diffuse into the medium and can lead to changes that change the 
osmotic pressure, surface tension and the changes generally cause damage to the mycelium or changed 
once completed form will then occur inhibitory action of the enzyme and ultimately metabolism will be 
hampered. Cyanid acid (HCN) compounds is one of the secondary metabolites produced by 
Pseudomonas spp. are antimicrobial. Antibiotics 2.4 diacetylphloroglucinol (DAPG) produced by P. 
fluorescens is able to inhibit the growth of bacterial leaf blight [17]. Some types of antibiotics produced 
by Bacillus species such as bacitracin, polymyxin, gramicidin, tyrocidine, subtiline, and bacilysin [18]. 
Treatment compost that enriched with microbe could suppress the levels of stem rot disease on black 
pepper. Compost increased microorganisms population, bacteria,  fungi and actinomycet in black pepper 
rhizosphere. Microorganisms isolated from soil in the root system of black pepper have potential as 
biological agents against P. capsici. Hendra (2009) reported the results of the use of antagonistic bacteria 
such as P. fluorescens Es32, P. fluorescens PG01, and Bacillus polimyxa BG25 against P. capsici that 
causing disease BSR disease showed good results in induction of plant growth [19]. 
Bacteria concortium in formula 2 were used in this experiment have capability to induce plant resistance 
against BSR disease. It can be seen from the content of peroxidase enzyme produced in plants tested 
(Table 4). A number of enzymes associated with the induction of systemic resistance, such as peroxidase, 
phenylalanine ammonia-lyase (PAL), lipoxygenase, β-1.3 glucanase, and chitinase [20]. The high 
activity of peroxidase  associated with cell lignin and papilla formation, as well as the formation of 
hydrogen peroxide that could inhibit pathogens directly [21]. The increase in peroxidase enzymes and 
other enzymes that are regulated by the presence of antimicrobial jasmonat acid and ethylene are both 
activated by saprophytic microorganisms such as rizobakteri [20]. An increase in the content of 
peroxidase or dehydrogenase in the treatment of waste composting coffee enriched bio-activator as 
compared with the control associated with the formation of plant resistance (Table 4). 
In the wild grapes are experiencing stress due to salinity and powdery mildew and downy mildews work 
activate genes responsible for the formation of the aldehyde dehydrogenase [22]. Proline dehydrogenase 
induces a hypersensitive reaction to Pseudomonas syringae infection of Arabidopsis result in a network 
so that their development is hampered [23]. There will be an accumulation of several enzymes associated 
with plant defense such as PAL, PPO and POD as a result of pathogen infection on potato soft rot disease 
[24]. In the black pepper showed resistance against P. capsici would show high concentrations of 
peroxidase and dehydrogenase in tissues. 
The use of compost were added to each formula of bioaktivitor not differ from each other in influencing 
plant growth. (Table 5). Bacteria were added to the compost equally well in supporting the growth and 
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nutrient supply. The soil with enough organic matter content will form a good soil conditions that help 
the absorption of nutrients by plants [25]. Pseudomonas spp. and Bacillus spp. is effective in improving 
the availability of phosphate in the soil, and it will improve plant growth and yield [26]. 
Increasing uptake of the elements will strengthening the structure of the black pepper tissue and it 
prevents the penetration of P. capsici. In North Lampung found a low N content and high K can reduce 
the level of P. capsici infection in the field, because the cell walls became hard and thick, carbohydrate 
and amino acid molecules concentration higher. Availability element is also increasing accordance with 
the biological activity of microorganisms as well as the population and especially the antagonistic 
microorganisms. Increased biological activity of microorganisms antagonistic causes P. capsici difficult 
to develop further. This condition is very instrumental in inhibiting further penetration of pathogens in 
plant tissue [27]. 
Cause nutrient deficiencies in the control, make plant become weaker. Pathogen easily penetrate the 
tissue and disrupt physiological processes of plants, especially to the emergence of photosynthetic 
activity and respiration changes in infected tissues. Changes in photosynthesis and respiration will affect 
the growth and disease severity will higher. Thee leaves of plants infected with P. capsici will be a 
reduction of fatty acids and not the emergence of photosynthetic activity [28]. 
5. Conclusion  
Based on our research, we success to isolate beneficial bacteria from rhizosphere and tissues of pepper 
plants with different ability such as in N fixation, P and K solubilization and antagonist of P. capsici. 
Based on result of field test, 15 selected bacterialisolates formulated into 3 formulas as bioactivator 
enriched in coffee waste compost could suppress development of P. capsiciiwere significant than control.  
Compared to control, all treatments using these formulas could decrease disease severity, and increase of 
dehydrogenase and peroxidase content of pepper plants. However, treatment used coffee waste compost 
enriched by formula 2 causes less disease severity compared to other formulas so this formula can be 
used in the field for suppressingP. capsicii attack in the future. 
Acknowledgements 
On this occasion, author thanks to the Indonesian Agency for Research and Development (IAARD), 
Ministry of Agriculture has funded this research through the project of  KKP3T on fiscal year 2010-2011 
to Dr. Bonny P.W.Soekarno.  
References 
[1]  Ditjenbun Kementan. 2012. Kebijakan dan program Pengembangan Lada Nasional. Workshop 
Tindak lanjut Kerjasama Komoditi lada, 12 Oktober 2012, Marcopolo Bandar Lampung (ID). 
317 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2014) Volume 17, No  2, pp 308-320 
 
[2] Manohara D. 2007. Formation and Pathogenicity Variation of Oospores of Phytophthora capsici 
Infecting Black Pepper. J. Mikrobiology Indonesia 1 (2):61-64. 
[3]  Wahyuno D, D Manohara, dan K Mulya. 2009.Ketahanan Baberapa Lada Hasil Persilangan 
Terhadap Phytopthora capsici asal lada. J Litri 15(2): 15-22. 
[4] Suprapto. 2008. Teknologi budidaya lada sehat dengan pendekatan lingkungan. Balai 
Pengkajian Teknologi Pertanian Lampung, Badan Litbang Pertanian, Departemen Pertanian. 
[5] Chet I, Inbar J. 1994.  Biological control of fungal pathogen. Appl Biochem Biotechnol. 48 : 7-
43. 
[6]   Michel FC Jr, Marsh TJ, Reddy CA. 2002.Bacterial community structure during yard –trimmings 
composting. Di dalam: Insam H, Riddech N, Klammer S., editor.  Microbiology of Composting.Berlin: 
Springer-Verlag Berlin Heidelberg.  hlm 25-42. 
[7] Ravindran PN. 2000. Botany and crops improvement of black pepper, p. 23-142 In PN. 
Ravindran (Eds) Black pepper. Harword Academic Publisher, Amsterdam, The Netherlands (ND). 
[8] Noveriza R, Elvianti S, Manohara D. 2005. Induction  of systemic resistance by non pathogenic 
fungi againts foot root disease of black pepper seedling under green house condition. The 1st 
International Conference Crop Security, 20-22 September 2005, Brawijaya University, Malang (ID). 
[9] Dhingra OD, Sinclair JB. 1983. Basic Plant Pathology Methods. New York (US): CRC Press. 
[10] Rosa, Márcia M., Maria-Leonor Lopes-Assad, and Sandra-Regina Ceccato-Antonini. 2006. 
Potassium solubilization from Silicatic Rocks by Aspergillus niger. 18th World Congress of Soil 
Science, July 9-15, 2006. Philadelphia, Pennsylvania, USA (US). 
[11] Nocoloti G, Varese GC. 1996. Sreening of antagonistic fungi against air-borne infection by 
Heterobasidium annosum in Norway spruce. For Ecol Manag 88:240-257. 
[12] Simons, TJ and  Ross AF. 1970. Enhanced peroxidase activity assosiated with induction of 
resistance to tobacco mosaic virus in hypersensitive tobacco. Phytopatology.  60 : 383-384.  
[13]  Casida, L.E. Jr., D.A. Klein, & T. Santoro.1964. Soil dehydrogenase activity.  Soil Science 
98:371-376. 
[14] Holliday P,  Mowat WP. 1963. Foot rot of Piper Nigrum L. (Phytophthora palmivora). 
Phytopathological paper No. 5. Commonwealth. Mycological Institute : 70 p.  
318 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2014) Volume 17, No  2, pp 308-320 
 
[15] Rao NV, Sastry RK, Craufurd P, Meinkec H, Parsons D, Rego TJ, Rathore A. 2014. Cropping  
systems  strategy  for  effective  management  of  Fusarium wilt  in  safflower. Field  Crops  Res 
156:191–198. 
[16] Jha  BK, Pragash MG, Cletus J, Raman G, Sakthivel N.  2009.  Simultaneous phosphate 
solubilization potential and antifungal activity of new fluorescent pseudomonad strains, Pseudomonas 
aeruginosa, P. plecoglossicida and P. moselii. World J. Microbiol Biotech 25:573-581. 
[17] Velusamy P, Immanuel JE, Gnanamanickam SS, Thomashow L. 2006. Biological control of 
bacterial blight by plant associated bacteria producing 2,4 diacetylphloroglucinol. Canad. J. Microbiol 
52: 56-65. 
[18] Awais M, Shah AA, Hameed A, Hasan F. 2007. Isolation, identification and optimazation of 
bacitracin produced by Bacillus sp. Pak. J. Botany 39(4):1303-1312. 
[19] Hendra, Bonny PWS, Surono. 2009. Optimasi kompos bioaktif dengan penambahan asam 
humat dan asam fulvat untuk meningkatkan ketahanan tanaman mentimun terhadap serangan Pythiumsp. 
penyebab penyakit rebah kecambah. Seminar Nasional Perlindungan Tanaman 2009. Departemen 
Proteksi Tanaman, Fakultas Pertanian, Institut Pertanian Bogor. 
[20]  Van Loon LC, Bakker PAHM, Pieterse CMJ. 2006. Systemic resistance induced by rhizosphere 
bacteria. Annu Rev Phytopathol.36:453-483. 
[21] Agrios GN. 2005. Plant Pathology 5th edition. San Diego Cal (US): Academic Press. 
[22] Wen TQ, Wang X. Xiao SY, Wan YJ. 2012. Ectopic expression of VpALDH2B4, a novel 
aldehyde dehydrogenase gene from Chinese wild grapevine (Vitis pseudoreticulata), enhances resistance 
to mildew pathogens and salt stress in Arabidopsis. Planta 236:525–539. 
[23] Cecchini NM, Monteoliva MI, Alvarez ME. 2011. Proline dehydrogenase contributes to 
pathogen defense in Arabidopsis. Plant Physiol. 155:1947–1959. 
[24] Ngadze E, Icishahayo D, Coutinho T A, van der Waals J E. 2012. Role of polyphenol oxidase, 
peroxidase, phenylalanine ammonia lyase, chlorogenic acid, and total soluble phenols in resistance of 
potatoes to soft rot. Plant Dis. 96:186-192. 
[25] Baon JB, Abdoellah S, Pujiyanto, Wibawa A. 2003. Pengelolaan kesuburan tanah perkebunan 
kopi untuk mewujudkan usaha yani yang ramah lingkungan. Warta Pusat Penelitian Kopi dan Kakao 
Indonesia. 19: 107-123. 
[26] Khan AA, Jilani G, Akhtar MS, Naqvi SMS, Rasheed M. 2009. Phosphorus so-lubilizing 
bacteria: occurrence, mechanisms and their role in crop production. J. Agric. Biol.Sci 1: 48-58. 
319 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2014) Volume 17, No  2, pp 308-320 
 
[27] Kasim R. 1990. Integrated management to control stem rot or foot rot disease on pepper. Plant 
Industry Bull 1:16-20. 
[28]  Hwang BK. 2001. Cytology, Physiology and Molecular of Resistance to Phytophtora Blight in   
Pepper Plants.Plant Pathol.J.17(1): 9-21. 
 
320 
 
